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Abstract 
The integrated use of concrete in combination with reinforcement has been acknowledged as a versatile material for 
structures. The resulting concrete components, whatever their size and shape, are customary assumed to have 
uniform compression strength and identical mechanical properties over the entire structural component. This 
contradicts the reality, since in practice the mixing and casting of fresh concrete creates disparities in the mixture 
and the material composition. The relatively heavier components, i.e. the coarse aggregates, tend to sink to the 
bottom of the cast, while on the upper surface, however the attempt, bleeding will occur. Further, the concrete 
surface exposed to the air will undergo a higher evaporation rate when compared to the layers not in direct contact 
with the air. Also, a relative low surface-area-to-volume ratio will experience a slower evaporation rate when 
compared to the areas with a higher ratio, the more intense the evaporation, the greater the risk for micro crack 
formations, and propagation. This research work is aimed to evaluate the actual condition of a relatively deep 
concrete element, and look into the presence of a gradation in terms of the concrete compression strength. Further, 
the study was conducted to describe the influence of compression strength gradation as function of element 
dimensions. For this purpose; two specimen`s panels sized 60×60×20 cm casted, cured and tested to obtain their 
compression strength at a variation of layers. The panels were tested at the age 28 days. The testing method involved 
the rebound hammer readings, the UPV measurement and the direct cylindrical compression tests, performed on 
specimen’s, core drilled from the test panel. 
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1. Introduction 
Concrete is a building material widely used for structural elements. In design, the element is assumed to have a 
uniform composition and behavior, throughout the entire member. However, in the implementation, during casting, 
compaction and curing of actual structures, a differentiation in strength and material properties throughout the depth 
of the member could develop. The major source of these differentiations lay in the casting procedure, the 
compacting methods and the proportion of basic materials, i.e., the aggregates, the cement and the mixing water. 
The basic material’s interaction will result in probable segregation and surface bleeding, yielding in secondary 
effects such as micro cracking, and non uniform shrinkage. The areas exposed to the air are also more vulnerable to 
rapid evaporation, thus further increasing the risk of premature micro cracking and propagation [1,2,3]. 
To test this hypothesis, a study on an existing structure was conducted. The test element chosen for this purpose 
was the beam of the Building D, at the Faculty of Engineering, Diponegoro University. The structure was 
approximately three years old, built in 2012. For testing purposes, a digital rebound hammer was chosen, since this 
apparatus performs a non-destructive impact on the element under consideration. The region of the beam adjacent to 
the connecting column was chosen. This area has a negative bending moment, the bottom fibers being in 
compression, and the top fibers in tension. 
The test panel was divided into four zones; the total testing area covered a 100 by 600 mm region of the 700 mm 
beam depth. Four layer of the beam were inspected, having a distance of respectively 100 mm, 250 mm, 400 mm 
and 550 mm from the extreme bottom fiber of the beam. For each rebound reading, nine rebound numbers were 
obtained, and the average calculated, to represent the rebound number of that particular point. The testing procedure 
as well as the resulting concrete rebound numbers can be seen in Fig. 1a and 1b. 
 
 (a)       (b) 
Fig.1. (a) hammer testing on existing structure; (b) the rebound number`s graduation 
From the relationship of measured rebound numbers to the layer depth, it could be concluded that a concrete 
element indeed is non-uniform throughout the depth of the cross section. A gradation in rebound numbers was 
detected, approaching the top section of the beam, the readings gradually decreased by 16.5 % over a depth 700 mm. 
This study proved that a concrete element does not have a homogeneous composition as was assumed in design. To 
study this phenomenon in more detail, a research was conducted to explain the so called graded concrete, to a 
greater depth. The outcome of the study was further utilized to see how large the impact on the degree of strength 
gradation was. The general of codes and standards do not accommodate for a differentiation in concrete strength of a 
member. This study looked into the necessity of comprising this aspect into the standardized codes. The existence of 
gradation in cementitious material was earlier detected [4,5], the study further elaborated into this phenomenon by 
artificially creating a graded member. This study deals with the analysis of a laboratory based specimen, and 
investigates the actual condition of the member.  
In explaining the existence of property differentiation within an element, two plain concrete panel specimens 
sized 600 x 600 x 200 mm were casted, cured and tested at the age of 28 days. The specimen was compacted using a 
concrete vibrator, commonly used for structures in the field. The fresh concrete was compacted in six layers, with a 
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compacting time of 3 minutes per layer. The specimen was kept moist for 27 days, and left to dry in the air, prior to 
testing. 
To study the strength properties as a function of the layer distance from the bottom of the specimens, the 
Ultrasonic Pulse Velocity (UPV) and the rebound hammer test methods were accessed. Subsequent to completing 
these testing; core drilled specimens were taken from the test panel, and their concrete strength under uniaxial 
compression load, recorded. To stabilize the specimen, a uniform stress of 2 MPa produced by a loading jack, was 
applied to the specimen`s upper surface. This confinement was maintained throughout the testing process to ensure 
an identical response for all readings. 
2. Specimen preparation and materials 
2.1. Basic material properties 
The materials used in this study were: the cement, fine aggregates, and the coarse aggregates. Water was 
functioning as reagent to the cement in combination with a superplasticizer to control the workability of the mix and 
preserve a low water cement ratio (wcf). The low wcf will limit the degree of segregation and bleeding. All the 
aggregates were made oven dry, and its size proportions normalized to an ideal gradation as mandated by the ASTM 
code. The decision to oven dry the aggregates was made to minimize the occurrence of a water film surrounding the 
aggregates, during the cement hardening process. This water film will weaken the interface between the aggregates 
and the mortar matrix, and is more pronounced at the top layers of the element, since the compacting sequence will 
force the free water to rise to the surface. The binding agent was Portland Pozzolana Cement (PPC) that was 
standardized in accordance to ISO. The fine aggregates was Muntilan sand from the Jogjakarta area. This sand 
fulfills the requirements as mandated by the ASTM standard as well as the Indonesian National Code. The coarse 
aggregate was a diorite stone produced by mechanical crushing of Pudak Payung stones, having a maximum size of 
10 mm. The superplasticizer was Viscocrete-10, a product from SIKA. The mechanical properties of the aggregates 
are shown in Table 1 together with their expected values as assigned by ASTM. 
Table 1. Properties of aggregates and their corresponding standard 
2.2. Mix  design 
The mix design was based on the Department of Environment method (DOE) method, adopted by the National 
Code SNI T-15-1990-03. The mix design functions as a guidance to determine the material proportions of a concrete 
mix. A cylindrical design strength of 60 MPa was aimed, and 0.6 % in cement weight of the superplasticizer was 
added to the mixture. The material proportions are shown in Table 2. 
Table 2. Material proportions for a 60 MPa design strength 
Specimen designation 
Material proportion by weight 
Cement Fine aggregates Coarse aggregates 
Wat
er 
BG 1,00 0,91 1,11 0.32 
Material Examination 
Results 
Fine aggregates Specification Coarse aggregates Specification 
Sieve analysis, Fineness Modulus (FM) 3.01 2.3-3.1 5.63 5.0-8.0 
Fine Particle Content 0.77 % Max 5 % 0.52 % Max 5 % 
Bulk Specific Gravity 2.541 Min 2.50   2.659 Min 2.50   
SSD Specific Gravity 2.674 Min 2.50   2.527 Min 2.50   
Bulk Water Content  0.61 % Max 6 % 0.25 % Max 6 % 
SSD Water Content 0.88 % Max 6 % 1.22 % Max 6 % 
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2.3. Testing procedure 
Before testing, the panel was painted white to ease evaluation. A grid with a 50 mm spacing, dividing the panel’s 
evaluation area in 12 horizontal, and 12 vertical sections. The horizontal sections were especially of high 
importance, since the concrete strength at each section as function of the distance to the bottom, was evaluated. To 
obtain the strength nature of the panel, three types of test methods were conducted on the test specimen; the UPV 
measurement, the rebound hammer testing and the cylinder compression strength obtained from core drilled 
cylinders. The levels 100, 300 and 500 mm from the bottom fiber were marked as reading points for both the UPV 
and rebound hammer testing (Fig. 2a). At these exact same locations, core drilled cylinders sized 4 by 8inch were 
taken from the test panel (Fig. 2b).  
 
     (a)      (b) 
Fig. 2.(a) panel set up; (b) testing points 
The core drilling is categorized as destructive, this method was thus performed after the UPV and rebound 
hammer test were completed. The UPV is the less invasive testing method. An ultrasonic digital indicator tester 
(pundit) was used to measure the density of the concrete by means of the wave energy, traveling through the 
material. The mechanical energy of the wave is converted to the electrical energy by the receiver. The direct method 
(a method were the two UPV receivers were placed facing one and another) was chosen, and the wave energy of the 
200 mm thick concrete recorded at the assigned levels. For controlling purposes, the two longitudinal faces of the 
specimen having a distance of 600 mm apart were also subjected to the UPV reading, and the resulting data of the 
corresponding level, compared. The second test was the rebound hammer. The rebound hammer measures the 
kinetic energy in the hammer before the impact, and the amount of energy absorbed during the impact of the plunger 
with the concrete surface. The absorbed energy is a function of the strength and stiffness of the tested material, the 
lower the strength and stiffness, the higher the energy absorbed by the concrete, resulting in a lower rebound number 
when compared to high-strength concretes. 
Finally, core drilled cylinders were taken from the concrete panel, and tested under a uniform compression load. 
Nine cylinders were produced, and the loading rate was set to 0.3 MPa/s in according to ASTM C-39 code [6]. The 
top and bottom of the cylinders were equipped with two 10 Pm Teflon layer and a layer of grease to minimize the 
confinement effect originated from the loading platen on the specimen surface. The results of these cylinders 
reflected the actual compression strength of the concrete. The UPV as well as the rebound number presented an 
indication to the strength development of the concrete layers. Studies have been conducted to physically convert the 
UPV values and the rebound numbers to the actual compression strength [5,7,8,9,10]. The outcome of these studies 
was used to explain the behavior of the test panel. 
3. Result and analysis 
Fig. 3 shows the results of the UPV, rebound hammer and compression tests as a function of the specimen’s 
depth to the bottom fiber of the test panel. For all the three test method, the reduction of concrete strength 
approaching the top fibers followed a linear relationship (Fig. 3). The gradient of the curves however, differ from 
one to another since the responses that were recorded by the UPV and the hammers plunger were not the same. A 
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relationship between the actual compression strength and both the UPV values as well as the rebound number was 
further developed.  
 
   (a)            (b)     (c) 
Fig. 3. (a) UPV value; (b) rebound number; (c) compressions strength relationship to the specimen’s depth 
The relationship between the rebound number and the actual compression strength was further used to estimate 
the compression strength of the existing beam, for comparison purposes (Fig. 4). Using this relationship, the top 
fibers of the beam were calculated to having a concrete strength of 32.4 MPa in combination with a 54.3 MPa 
strength at the bottom of the beam. The compression strength recorded from the core drilled laboratory based 
specimen`s measured 60.5 MPa at the bottom, and 44.3 MPa at the top fibers, suggesting a diversity of 26.8% over a 
depth of 600 mm. This decrease in strength resulting in a strength differentiation-to-depth ratio of 0.045, by 
assessing this value to the ratio obtained from the structure to be 0.067, it was suggested that the laboratory 
produced panel resulted in a lower reduction degree when compared to the beam of the existing structure.  
 
Fig. 4. rebound number conversion curve and strength differentiation ratios 
4. The effect of concrete gradation to a section 
For analysis purposes, a beam section 300 by 600 mm in dimension was designed for concrete design strength of 
60 MPa. The beam had a steel-area-to-concrete ratio of 0.0366 (Fig. 5). 
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Fig. 5. section analysis of a graded concrete beam in bending 
An ideal uniform section would result in a moment capacity of 1097 kNm, whatever the type of bending moment 
will be. When analyzed as a graded section, a negative bending moment will yield in the exact same ultimate 
moment capacity, since the section area in compression is at the bottom of the beam. The lower compression 
strength at the top fibers does not influences the capacity. The opposite is observed when the section is analyzed for 
a positive bending moment. The concrete section in compression for this case is situated at the top fibers, and thus 
had a concrete strength below the design strength. The calculation resulted in a 971 kNm moment capacity, thus 
overestimating the moment capacity by 11.5 %.  
5. Conclusion 
x The rebound hammer testing on an existing structure, three years in age, resulted in the outcome that in reality 
concrete structures do not exhibit a uniform, homogeneous nature. The compression strength decreased as a 
function of the increase of the layer distance to the bottom of the beam. The design strength is only achieved at 
this bottom layer.  
x The laboratory based test specimen`s resulted in a similar behavior to the beam in the field, and the compression 
strength reduction pattern was found to follow a linear trajectory. This outcome was confirmed by the UPV 
measurements and rebound hammer number, obtained at the exact same locations as the core drilled cylinders. 
Supporting the finding in the field, the design strength was accomplished only at the outer most bottom fibers of 
the element. 
x The rate of depreciation was a function of the element depth, and strongly influenced by the mix proportions, 
casting and compacting methods. For an almost similar depth, the actual beam of a structure had a strength 
differentiation-to-depth ratio higher than the panel, produced in a laboratory based environment. This outcome is 
due to the fact that laboratory based elements have a higher perfection level, and therefore showed a better 
performance in terms of concrete gradation. It was also know that paste have a negative influence on the 
disparities in concrete strength. The laboratory specimen`s was tested at an age of 28 days, compared to the three 
years old beam element. 
x The evaluation on the effect of concrete gradation to the ultimate moment capacity was conducted on a beam 
prototype. It was concluded that the non-homogeneous characteristic of concrete only affect section in positive 
bending, since for these sections the compression area falls within the lower compression strength region. For 
negative moment sections, the rate of decrease has no influence on the ultimate moment capacity of the section, 
since the analysis of reinforced concrete assumes a zero strength in the tension area of a beam. The 
overestimation of the 300 by 600 mm section was 11.5%, which is substantially significant. 
x It is therefore proposed, that when a beam is designed based on a positive bending moment, a reduction in design 
strength should be applied. For prestress members that are based on the un-cracked section analysis, care need to 
be taken to minimize the gradation degree within the section.  
x Beam of the structure was equipped with transversal as well as longitudinal reinforcement, interfering with the 
readings of the hammer, the resulting rebound numbers were in this case not exactly equivalent to the reading 
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obtained from the test panel that had no reinforcing steel embedded in its matrix. It is also suggested that in time 
the secondary chemical reactions in the cement. 
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